ABSTRACT Based on our discussions for a panel discussion, we provide some definitions of common usage of terms describing disks and related objects.
INTRODUCTION
The authors were members of a panel leading a discussion at the meeting, "New Light on Young Stars: Spitzer's View of Circumstellar Disks", which was held in Pasadena, California in 2008, October 26-30. The motivation for the panel discussion was a proliferation of terms related to new discoveries by Spitzer. The high sensitivity and spectral capabilities of Spitzer have allowed many more disks to be found and studied in detail, revealing new kinds of rare objects. Different groups have adopted a variety of names for these new objects. The panel attempted to collect and clarify the meanings of these terms.
The contents of this document are based on our discussions in teleconferences and emails before the meeting and on comments received from audience members during and after the meeting. As our discussion proceeded prior to the meeting, we discovered that we often had very different conceptions of what various terms meant. Rather than argue about who was correct, we instead tried to sharpen and clarify the various definitions that were in use by panel members. Then we added other terms that we knew to be used by others.
We want to make clear at the outset what this document is not. We do not attempt to reject or exclude any common usages in favor of others; we merely record them. In some cases, we do comment on usages or names that we found problematic, but we still include those as definitions. Consequently, this clearly has the form of a dictionary, not a document of "permitted" and "forbid-den" usage. Since the focus was on disks, we adopted the title of "diskionary", which is easier to write than to pronounce. We take our model from Webster, as in car 1. a vehicle moving on wheels.
2. a vehicle adapted to the rails of a railroad or street railway 3. an automobile 4. (archaic) carriage, cart, chariot which illustrates that some definitions are more general and some are specific subsets of the general definition.
In some cases, we include "descriptions" which are not part of the definition (i.e., necessary conditions), but which may describe many members of the class. Some terms also have comments that capture some of our discussions. Sometimes we have been able to supply references to the places where the definition originated or was explained. We attempted to clarify whether the term was observational, usually referring to some aspect of SED, etc., or physical, referring to an actual physical structure. However, many of these definitions still mix these two categories. The initials of the person who originally supplied the definition follow each term, but many iterations by various co-authors have occurred. The definitions are not in alphabetical order, but instead we group together related terms. We begin with definitions that address SED classes, evolutionary stages, and types of stars, as these may be used in the disk definitions.
THE DISKIONARY
Class 0 (NJE) 2. (Orig.) Observational, Herbig (1962) first drew attention to a set of early type objects with emission lines, associated with localized nebulosity and larger scale dark clouds. As is the case for CTTS/WTTS, the original classification implied nothing about the presence of disks, though disks were later recognized as the physical driver for many of the observational characteristics.
Description: These systems are interpreted as pre-main sequence and zero-age main sequence objects, with ages comparable to CTTS and WTTS but larger masses, 2 < M * /M ⊙ < 10. They are often referred to as just "Herbig Stars".
Weak-line T Tauri Star (WTTS) (SES)
1. (Original) Observational, a "solar-type" (M * ∼ 0.5M ⊙ , K7-M0), age ∼ 1 Myr, pre-main sequence star (from HRD location) that has W (Hα) < 10 A. Description: The limit was chosen in order to separate objects which showed the signatures of optically thick accretion disks (based on IRAS + NIR SEDs) from those that appeared to be photospheric. 3. Physical, a young star that is no longer surrounded by an accretion disk.
Comments: The definition of WTTS was introduced to link signatures of accretion (Hα emission; forbidden line emission) diagnosed from the presence/kinematics of gas, with signatures of optically thick disks provided by IR SEDs. The definition that was applied to the initial Taurus sample is obsolete, in the sense that the W (Hα) = 10 A limit is an appropriate (and only approximate) discriminant for Taurus-age stars with masses ∼ 0.5 M ⊙ . However, the idea of using both gas and dust diagnostics to assess the physical state of the disk is still enormously valuable. In particular, it is by using both SEDs and gas diagnostics that we can probe the evolutionary state of transition/anemic disks and assess/constrain the likely physical cause for the observed SED signature.
Post-T Tauri star (PTTS) (SES)
1. Observational, a young star that exhibits a photospheric spectrum over a wavelength range from the NIR and longward. Description: Among solar-type PMS stars, such objects can be identified from their location in the HRD, from their x-ray properties supplemented by HRD location (confirmed from parallaxes; radial velocities; clear membership in a cluster.....) plus a robust SED. Among higher mass stars, such objects might be called "Post Ae/Be stars" and can be identified via their location in the HRD in a cluster/association plus robust SEDs.
2. Physical, a young star of any mass that no longer is surrounded by a circumstellar accretion disk.
3. Physical, an evolutionary step between T Tauri Stars and ZAMS, generally thought to refer to stars on the radiative track. Comments: In these definitions, there is no physical difference between a WTTS and a post-TTS. It's just the choice of observational 'tool' for certifying that such an object is no longer accreting material. There is some sentiment on the committee for specifying that a Post-T Tauri star is older than either a CTTS or a WTTS (e.g., with ages of 5-30 Myr). See also naked T Tauri star.
Naked T Tauri star (NTTS) (supplied by Scott Wolk and Fred Walter)
1. Observational, a low mass pre-main sequence star that exhibits no evidence of an optically thick circumstellar disk or on-going accretion. Description: In this picture, a NTTS differs from a post-T Tauri star in being an observational definition while the PTTS is described by definition 3 for post-T Tauri Star. 2. Observational, an object in any of the Classes but with an infrared excess detectable in Spitzer surveys (a definition used by the c2d team to distinguish YSOs from the larger class of pre-mainsequence objects (PMS).
G-type T Tauri Star (GTTS)
Pre-Main-Sequence Object (PMS) (NJE)
1. Observational, a star that lies above the main sequence.
Comment: This object may or may not have a detectable infrared excess. It is identified by various indicators of youth. It includes CTTS, WTTS, PTTS, GTTS, and NTTS. protostar (NJE)
1. Physical, an object that is still accreting mass and that will become or already is a main sequence star.
2. Physical, an object deriving most of its luminosity from accretion and that will become a main sequence star.
3. Physical, the entire structure of central star, disk, and envelope. Comments: The first definition allows the inclusion of massive protostars, which can be already burning nuclear fuel but still growing in mass. The second does not allow them above a certain mass where the nuclear-burning luminosity exceeds that from accretion. Both the first two apply to the central object, while the third refers to the entire structure. For the first two definitions, objects in Stages 0, I, or II could host protostars; For the third definition, only Stages 0 and I would be protostars.
protostellar disk (CL)
1. Physical, a primordial disk during the protostellar phase.
2. Physical, an accretion disk associated with a protostar and through which the protostar (Def. #1 or #2) gains most of its mass.
accretion disk (SES)
1. Observational, signified via at least one of the following: (a) broad Hα emission, which at appropriate resolution and S/N exhibits kinematic signatures of accretion (inverse P-Cygni); or (b) ultraviolet excess emission (above photospheric levels), (c 2. Physical, a disk -isolated or fed by material infalling from a protostellar envelope -which is transporting material inward toward the stellar surface.
circumstellar disk (LH)
1. Physical, any disk of gas and/or dust surrounding a star.
2. Physical, a disk surrounding only a single star, not a binary.
Comment: Definition #1 includes all of the disks described here. Definition #2 excludes circumbinary disks. primordial disk (LH)
1. Physical, gas-rich circumstellar disk composed of matter originating in the interstellar medium but processed through the star/disk-forming accretion shock.
2. Physical, dust and gas that are present in a ratio close to 1:100 and relatively unprocessed despite the fact that the material is actively evolving through grain growth, settling, and agglomeration and chemical effects. Dust dynamics are controlled by coupling with the gas. Further detailed studies of these disks have shown the following variants: (a) disks with NO measurable dust or gas inside a hole of size >> dust destruction radius; (b) disks with measurable, but optically thin dust within an inner hole and extending inward to the dust destruction radius; (c) disks with measurable gas in Keplerian rotation extending inward from the inner hole; dust to gas ratios << 100.
2. Observational, a disk with fluxes lower than primordial disks (represented by the median in Taurus) at all wavelengths with an excess.
3. Physical, a disk that satisfies the description of EI-THER definition 1 or 2; that is, any disk in transition between primordial and debris disks.
Description: These disks show significant effects arising from (a) evolution of dust to larger sizes (this version might be an anemic disk); (b) the combined effects of accretion and photoevaporation; and (c) the dynamical effects of forming planets on the structure, accretion rate and dust content of the inner disks (b and c could be "cold disks" or transitional disks in the more narrow sense of definition #1) Comments: This is one of the more confused terms. If definition #3 is used, for transitional disk, it includes pretransitional disk, transitional disks in the narrow sense of definition #1 (also cold disks), and anemic disks. If you use it, be sure to define it. annular disk (NJE)
1. Physical, a disk with an inner hole with a much reduced abundance of dust. Comments: This is a possible replacement term for definition #1 of transitional disks if the broader definition of transitional disk is used. (If you asked a person on the street to name this shape, they would say "halo", but the cosmologists have already misused that term...)
anemic disk (CL)
1. Observational, a disk whose observed flux at all wavelengths is less than that of an optically thick, spatially flat accretion or primordial (CTTS) disk 2. Physical, a homologously depleted primordial (CTTS) disk 3. Physical, an evolved primordial (CTTS) disk
